Background: The incidence of disability pension (DP) is high in several European countries. However, knowledge on associations of cause-specific DP and premature death is limited. The aims were to: 1) investigate the association between cause-specific DP and all-cause and cause-specific mortality among women and men and 2) examine period effects of this association. Methods: Three prospective population-based cohort studies were conducted, the first including all individuals aged 16-64 years who lived in Sweden all of 1995 and who were not on DP before 1995 (N = 5 006 523, 48.8% women). Those granted DP in 1995 were compared to those not granted DP regarding mortality during 1996-2009. Two other cohorts were created in a similar fashion, for 2000 and 2005, respectively, and in comparisons each of the three cohorts were followed up for four years with regard to all-cause mortality as well as death due to cancer, circulatory disorders, or suicide. All analyses were stratified by sex and we controlled for a number of socio-demographic factors and inpatient care. Results: Individuals with granted DP had a higher mortality risk, women (HR 1.75; 95% CI 1.68-1.82) and men (HR 1.66; 95% CI 1.61-1.71) and highest for cancer. People on DP with some diagnoses had higher risk of premature death in other causes of death than their DP diagnoses. All-cause mortality risk varied with DP-diagnosis and was lowest for musculoskeletal diagnoses. The mortality HR decreased among women with DP between the cohort 1995, HR 2.07 (1.92-2.24) and the cohort 2005, 1.84 (1.71-1.99). Here, temporal decreases in mortality risk occurred particularly in DP due to mental diagnoses and cancer. Conclusions: All DP diagnoses were associated with a higher mortality risk. Even individuals granted DP due to diagnoses with low mortality risk displayed a higher risk for premature death. This warrants close monitoring of disability pensioners and further studies on consequences of being on disability pension.
Background
The incidence of disability pension (DP) continues to be high in many European countries, despite improvements in health and increases in life expectancy [1] . This development exacerbates not only the risk of shortage of labor and strains the economy of the society; for the individual, DP may also imply economic constraints, life style changes, social isolation, and development of other diseases, e.g., depression [2] . Although DP is common, there is very little knowledge on the life situation among people granted DP and especially so regarding specific DP diagnoses [2] .
There is extensive research on possible consequences, in terms of ill-health and psychosocial aspects, of being long-term unemployed [3, 4] . Regarding DP, there are fewer studies and most of them focus on risk factors for DP, hardly any on the situation afterwards [2, 5] . This seems surprising, as physicians are involved in the process of granting DP, and healthcare usually is interested in possible consequences of a measure. A few studies have identified higher all-cause mortality among people on DP [6, 7] . The main dispute on this issue has focused on whether the higher mortality is inherently related to the underlying disease, or whether it is also associated with other factors, or even with the DP itself, that is, by being on DP, or its potential psycho-social consequences [7] . Some studies have shown that the underlying disease could only explain part of the higher mortality, other explanations are therefore warranted [7] [8] [9] . Potential mechanisms of an association between DP and subsequent mortality include being excluded from the labor market. Not being involved in gainful employment might be associated with a lack of daily routines and social contacts and even a lack of meaning [10] . Other potential mechanisms might include changes in health behavior, like increased alcohol and tobacco use and reduced physical exercise [11] [12] [13] . As it is not possible to study these associations by randomized controlled trials, other study designs are warranted, preferably large prospective cohort studies [5] .
A Norwegian study of patients with musculoskeletal or mental diagnoses found DP to be a strong risk factor for premature death among both women and men [6] . Part of the higher risk was explained by DP due to disorders with a higher mortality rate, such as cancer or circulatory disease. However, in most cases DP is granted due to diseases that are not life threatening, e.g., musculoskeletal disorders. It is, therefore, urgent to further study the risk of premature death for specific DP diagnoses. DP levels are affected by changes in economy, labor market situation, social insurance policies, unemployment rates, public health, healthcare policies, as well as employment frequencies among women and men and in different age groups [1, 14, 15] . Furthermore, particularly since the 1990s, several conditions that are potentially relevant for DP occurrences have changed [16, 17] . A recently published study found that young individuals who were granted DP between 2005 and 2006, had lower risk of suicide attempt before the DP compared with those granted during 1995-1997 and 2000-2002 . Also the drop in risk of suicide attempt after the receipt of DP was less steep for the more recent cohort. One likely explanation of these findings is that individuals with less severe medical conditions are granted DP in more recent cohorts as compared with earlier ones [18] . Therefore, it is important to acknowledge temporal trends that affect rates and diagnostic profiles of DP and further elucidate the association between diagnosis-specific DP with cause-specific mortality. Few studies to date analyzed the association of DP with cause-specific mortality and most of them are restricted to study populations of specific occupational groups, ages, or regional areas [19, 20] . To the best of our knowledge, no study to date has investigated the association between diagnosis-specific DP and all-cause and cause-specific mortality covering a whole population and adjusting for various important confounders, including ill-health, while taking period effects into consideration. As both the incidence of DP and mortality differ between women and men we also considered eventual sex differences by stratifying the analyses by sex [5, 16, 21] .
Aim
The aims of this study were to 1) investigate the association between cause-specific DP and all-cause and cause-specific mortality, defined as death due to cancer, circulatory disorders, and suicide, among women and men, and 2) examine period effects of such associations, controlling for sociodemographic factors and morbidity by in-patient care.
Methods

Study population
Three population-based cohorts were followed prospectively. The first cohort included all individuals aged 16-64 years who were registered as living in Sweden 31 December 1994 and during the year 1995 and who were not on DP or old-age pension 1 January 1995 (N = 5 006 523, 48.8% women). All individuals granted DP sometime during 1995 were compared to individuals without DP in 1995 and the cohort was then followed from 1 January 1996 to 31 December 2009 (14 years), with regard to all-cause and cause-specific mortality. In order to analyze period effects, two additional cohorts were formed in the same manner, including all individuals aged 16-64 years and living in Sweden all of 2000 and 2005, respectively, and who were not on DP or old-age pension when the respective year begun. Individuals granted DP in 2000 and 2005, respectively, were compared to the individuals not on DP in 2000 or in 2005. The cohorts in 2000 and 2005 included 5 066 144 (48.7% women), and 5 072 599 individuals (48.2% women), respectively. In the analyses of period effects, all three cohorts were followed for four years, that is, the longest period the latest cohort could be followed.
The cohorts were defined using data from LISA, a longitudinal integrated population-based database for labormarket research, held by Statistics Sweden. By linking the unique personal identity number assigned to all Swedish residents [22] , information was obtained on inpatient care and causes of deaths from the National Patient Register and the Cause of Death Register, both held by the National Board of Health and Welfare. Data on DP was obtained from the nationwide register MIDAS at the National Social Insurance Agency.
Outcomemortality
Outcome measures were all-cause mortality as well as death due to cancer, circulatory disorders, and suicide. Cause-specific mortality was classified according to the International Classification of Diseases (ICD) version 9 and 10 as follows: cancer (ICD-9: 140-239; ICD-10: C00-C97, D00-D48), circulatory disorders (ICD-9: 390-456; ICD-10: I00-I99) and suicide (ICD-9: E950-E959, E980-E989; ICD-10: X60-X84, Y10-Y34). When studying suicide, deaths with undetermined intent were included in order to reduce regional and temporal variation in ascertainment [23, 24] . Sensitivity analyses proved the comparability of the diagnoses.
Exposure -DP
In Sweden, DP can be granted to all individuals who, due to disease or injury, have permanently reduced work capacity, even if not having had income from work. DP can be granted for full-or part-time absence and up until 65 years of age, the customary age of old-age retirement. Approximately 65% of the lost income, up to a limit, is covered by disability pension.
The exposure was defined as granted full-or part-time DP in the respective exposure years (1995, 2000, or 2005 ). The main DP diagnosis was used, classified according to ICD-9 and ICD-10, at chapter level for the eight main diagnostic groups: musculoskeletal disorders (ICD-9: 710-739; ICD-10: M00-M99), mental disorders (ICD-9: 290-319; ICD-10: F00-F99), respiratory disorders (ICD-9: 460-519; ICD-10: J00-J94), cancer (ICD-9:140-239; ICD-10: C00-C97, D00-D48), circulatory disorders (ICD-9: 390-456; ICD-10: I00-I99), endocrine disorders (ICD-9: 240-279; ICD-10: E00-E99), neurological disorders (ICD-9: 320-359; ICD-10: G00-G99), injuries and poisonings (ICD-9: E800-E99; ICD-10: V01-Y98), and other diagnoses (all other). Due to limited power, the analyses of period effects were restricted to the four most common diagnoses of DP: musculoskeletal, mental, circulatory, and cancer diagnoses.
Covariates
Information on age, sex, family situation, socioeconomic position (measured by educational level), area of residence, and country of birth was also obtained from LISA. For categorization of the covariates, see Table 1 . Previous health care consumption was measured as inpatient care (excluding maternity care without complications), categorized according to the median number of days of inpatient care during the five years preceding the study entry (1990-1994, 1995-1999, and 2000-2004 , respectively) into three categories: no inpatient care, ≤ the median, and > the median. The median values for the three periods preceding the study entry of the cohorts were 4 days, 3 days, and 3 days, respectively.
Statistical analyses
Uni-and multivariate Hazard Ratios (HR) with 95% Confidence Intervals (CI) were derived from Cox proportional hazard regression models, analyzing the association between cause-specific DP and mortality. All analyses were stratified by sex due to the known sex differences in both DP and mortality [5, 16, 17, 25] . The reference group comprised women and men without DP during the respective exposure year. The individuals were followed up with regard to death, emigration, or to the end of the follow-up period, whichever came first. Missing information in any covariates was coded as a separate category. Statistical analyses were carried out using the SAS software package, version 9.2.
Ethical considerations
This study was evaluated and approved by the Regional Ethical Review Board of Stockholm, Sweden.
Results
Among individuals granted DP in 1995, there was a higher proportion of women (53.7%) than men (46.3%) and almost half were above 54 years old (48.4%) ( Table 1 ). Twenty-five percent of individuals not granted DP in 1995 had only elementary school education compared to 43.5% among individuals granted DP. A majority of individuals with DP (57%) had at least one day of inpatient care 1990-1994 compared to 23% of those without DP. A higher number of both women and men were granted DP in 2005 than in 1995. The proportion of women among individuals granted DP increased during this period (53.7%, 57.9%, 60.8% in the cohort of 1995, 2000 and 2005, respectively). A minor shift in the age distribution from older to younger individuals granted DP from 1995 to 2005 could also be seen. Further, among disability pensioners the proportion with elementary school education decreased from 43.5% in 1995 to 27.4% in 2005, while the proportion with higher education increased from 12.9% to 20.5%. Changes in the distribution of educational level in the population without DP followed the same trends, but to a lesser degree.
The proportion of individuals on DP who were born outside Europe nearly doubled from 1995 to 2005 (6.2 versus 11.7, respectively). Also, the healthcare consumption varied across the three cohorts. While the proportion of disability pensioners without inpatient care increased from 1995 to 2005, the proportion of disability pensioners with an inpatient care stay exceeding the medium number of days in the preceding five years decreased. Similar changes in inpatient care use were seen for individuals without DP but not to the same extent.
In Table 2 , the estimated HRs of mortality in the 1995 cohort for the 14 years of follow-up (1996-2009) related to DP diagnoses are shown. The incidence of DP was a little higher in women than in men. Musculoskeletal and mental diagnoses were the most common DP diagnoses among both sexes. The crude HR of all-cause mortality 1996-2009 was somewhat lower among women (HR 4.66; 95% CI 4.48-4.84) than among men (HR 5.86; 95% CI 5.68-6.04). Adjustment for age approximately halved the HRs among both sexes. After adjustments for inpatient care and socio-demographic factors there was still a higher mortality risk among individuals with DP compared to those without, but the sex difference Table 3 , HRs and CIs for cause-specific DP in relation to mortality due to cancer, circulatory disorders, and suicide are shown. In the multivariate analyses, mortality due to cancer was only associated with DP due to cancer or respiratory diagnoses. Death from circulatory disorders was associated with all DP diagnoses except cancer and injuries. Suicide was foremost associated with DP due to mental and musculoskeletal diagnoses in women and DP due to mental and neurological diagnoses among men. Tables 4 and 5 show HRs for women and men with DP due to different diagnoses for all-cause mortality for the three different cohorts (1995, 2000, 2005) . The incidence of DP increased considerably between the cohorts 1995 and 2005, especially among women ( Table 4 and Table 5 ). The mortality risk during the four-year follow up of each cohort was elevated in women granted DP compared to women not granted DP. The crude risk decreased between all the cohorts; HR 6.33 in 1995, 5.29 in 2000, and 4.58 in 2005. After adjustments, estimates decreased considerably but remained significantly associated with mortality. Further, the decrease of the estimates from 1995 to 2005 remained after multivariate adjustment. The incidence of DP due to musculoskeletal diagnoses increased slightly from the first cohort 1995 to the 2005 cohort among women (Table 4 ). After multivariate adjustment, DP due to musculoskeletal diagnoses was not associated with a higher mortality risk in any of the three cohorts among women. Table 4 also demonstrates a substantial increase in the number of women granted DP due to mental diagnoses between the cohorts, from 3 795 in the 1995 cohort to 6 047 in the middle cohort (2000), and 12 887 in the last cohort, 2005. Among individuals granted DP, the HRs decreased from HR 2.23 (95% CI 1.84-2.71) in the first cohort (1995) to HR 1.41 (95% CI 1.20-1.66) in the last one (2005), in the fully adjusted models.
Women granted DP due to cancer had a higher (crude) mortality risk in all three cohorts and after multivariate adjustment the estimates were still high: HR 16.59 (95% CI 14. 35-19.17) in the 1995 cohort, 13.80 (95% CI 11.92-15.98) in the second cohort (2000), and 12.98 (95% CI 11.34-14.86) in the last cohort, 2005. The only DP diagnosis for which the estimates showed slight increases between the first and last cohort, both regarding DP incidence and mortality risk was DP due to circulatory diagnoses. Adjustment for in-patient care showed decreasing effects over time.
Among men, being granted DP was associated with a higher all-cause mortality risk in all three cohorts. The adjustments, particularly for age, had, however, a different impact on the estimates in men than in women. The fully adjusted HRs slightly increased between the cohort 1995; HR 1.92, (95% CI 1.81-2.04) and the last cohort of 2005; HR 2.22 (95% CI 2.09-2.36). As for women, the mortality risk varied with DP diagnosis; highest mortality risk was seen in DP due to cancer and lowest in DP due to musculoskeletal diseases.
An increase in the number of individuals granted DP between the cohorts was seen for mental diagnoses also among men, however, not to the same extent as for women: 3 666 in the 1995 cohort, 4 952 in the second cohort (2000), and 7 778 in the last cohort, 2005. The mortality risk estimates related to DP due to mental diagnoses were considerably affected by adjustment for socio-demographic factors particularly in the first (1995) and in the last (2000) cohort. Adjustment for in-patient care had an impact on the risk estimates in all three cohorts. Among men with DP due to circulatory diagnoses, estimates showed a slight decrease between the cohorts both in DP incidence and in mortality risk. Adjustment for age and in-patient care showed also for these diagnoses a significant impact on the estimates. The number of men with DP due to cancer increased from 375 in 1995, 460 in 2000, to 505 in 2005. Among men, the mortality risk decreased between 1995 and 2000, multi-adjusted HR: 10.38 (95% CI 8.77-12.29) in 1995 and 7.14 (95% CI 6.00-8.49) in 2000, and then increased to HR 12.34 (95% CI 10.70-14.24) in 2005. Adjustment for age and in-patient care showed a similar impact on the estimates in all three cohorts.
Discussion
The results from this prospective and population-based cohort study with a 14-years follow-up period including 4.9 million women and men from the general population of working ages, clearly demonstrate a higher mortality risk among people granted DP. Moreover, the risks were similar among women and men after adjustments for age, socio-economic factors, and in-patient care. The risks for premature death in the three studied specific causes of death varied with DP diagnosis. The period effect between the three cohorts of 1995, 2000, and 2005 showed a decreased risk of all-cause mortality between the cohorts in the respective four-years follow-up period among women, however, not among men.
We found a 75% and a 66% higher risk of all-cause mortality in women and men granted DP in 1995. This is in line with the findings from a Danish study including all individuals born between 1926 and 1936 showing a 2-fold (slightly higher in men than in women) higher mortality risk in people granted DP compared to the general population [26] . Previous research has shown the importance of age as a confounder for mortality among disability pensioners [8] . In a study of 245 704 individuals who had a new spell of long-term sickness absence lasting ≥56 days, 1985-1987 and followed to 1996, age-stratified analyses showed the mortality risk to be high among disability pensioners in general and among the younger ones in particular, compared with individuals without DP [7] . Our results, when adjusted for age halved the HR for all cause and cause-specific mortality among women and men with DP in general and also when analyzing DP diagnosis, however, with variation between the diagnoses. Individuals on DP are a selected group of people having a disease or injury causing permanent work incapacity. The diagnoses and the severity thereof vary and make individuals on DP a heterogeneous group. The variation in mortality risk between different DP-diagnoses seen in our study is in line with two previous studies [9, 27] . The increased general mortality risk among individuals granted DP might not be surprising as they are in fact too ill to work. What is more interesting though is that individuals granted DP due to non-fatal diagnoses such as musculoskeletal diagnoses still showed higher mortality risks, also when controlling for inpatient care. Therefore, residual confounding through unmeasured morbidity is likely.
Which mechanisms that underlie the higher mortality is not yet fully explored, although some studies have attempted to clarify the higher risk [9, 26, 28, 29] . As a previous study on smoking and DP showed that smokers are at considerably higher risk of early retirement due to chronic disease [30] , it is adequate to ask if smoking also could be an important factor in explaining the higher mortality risk in individuals granted DP, either through being a reason for the disease leading to DP, or through a change of life style during DP. A prior Swedish study found the mortality among DP pensioners to be especially high the first year of DP [8] . Another study on Norwegian data confirmed a high risk of premature death among disability pensioners in the period 1990-1996. The authors concluded that the medical condition seemed to contribute more to the higher mortality among women, whereas a low socio-economic status was more important for men [31] . More research is needed to investigate what mechanisms underlie these associations.
We found that the analyzed specific causes of death (cancer, circulatory disorder, and suicide) were not only higher among those with DP due to the related diagnoses, e.g. DP due to cancer and cancer death, but also in a number of other DP diagnoses. This was particularly the case for death due to circulatory disorder. In the analyses only the main DP diagnosis was used, and future studies are warranted to scrutinize possible associations with comorbidity in individuals with DP. The risk of suicide was higher in DP due to musculoskeletal, neurological, and particularly mental diagnoses, which is in line with previous findings [27] . Still we did not find higher risk for suicide among people with DP due to cancer, although cancer patients have been shown to have higher suicide risks [32] .
During the time period 1995-2005 we found an overall decrease in risk of premature death in women and men granted DP. The incidence of DP increased in both women and men during the same time period, and more strongly in women. In addition, an almost 3-fold increase in DP among the youngest age group was found between the cohorts. The incidence of DP is among other factors affected by changes in unemployment rates and social insurance policies. After the 90's recession the unemployment rate was high in Sweden in 1995 [33] . Between 1995 and 2005 the Swedish unemployment rate steadily decreased. In addition, since the 1990s and particularly in 2003 policies for being granted DP, especially when below the age of 30 years, have changed considerably in Sweden, leading to increasing rates [34] . The huge expansion of DP granted due to mental diagnoses between the cohorts combined with the related decreased mortality risk among women may indicate that the expansion was due to DP with less severe mental disorders. Our results did, however, not show a similar decrease in mortality risk in men granted DP due to mental diagnoses. The reason thereof is beyond the aims of this study, but needs to be further investigated.
Based on our results, DP could be seen as a risk indicator for premature death. There are several theories on how DP could affect mortality risks, besides the risk associated with the underlying disease e.g., related to changes of life style, worsening economy, social isolation, loss of the positive effects of paid work, or that other diseases develop due to these factors, e.g., depression [2] . However, there is no evidence regarding these mechanisms [2] and it is challenging to design a scientific study disentangling the consequences of the disease from the consequences of being on DP due to that disease. RCTs can hardly be conducted due to ethical reasons and other study designs will inherently be challenged by residual confounding and confounding by indication.
The strengths of this study include the prospective population-based cohort design and the large cohort including all individuals aged 16-64 years in Sweden at risk of DP. Hence, we had a good opportunity to study subgroups with significant estimates. Another strength is the long follow-up period that is required to obtain significant estimates even among those for whom premature death is rare. A further strength includes the analyses of mortality risks for three time periods with similar length of follow-up, which allowed estimation of consistency over time periods. Additional strengths are the high quality of the nationwide registers [35] , not self-reports, and that there was no loss to follow up.
We adjusted for morbidity, through using data on previous in-patient carethis can be seen as both a strength and a limitation; a strength as only the more severe types of morbidity were adjusted for, and a limitation as different types of morbidity thus were not included. Therefore, residual confounding through unmeasured morbidity is likely. However, there is no nationwide outpatient register covering all those years. Also other limitations should be mentioned. Data on DP-diagnoses included only the main diagnosis of the granted DP. We were, therefore, not able to adjust for co-morbidity, which could overestimate the mortality risk for the specific DP diagnosis. Further, in this study we had no self-reported information on smoking or other health behaviors and could therefore not control for that. However, educational level is adjusted for and that often interacts with health behaviors. The associations between DP and premature death are probably underestimated as many people in the reference group were granted DP during follow up, some even as soon as the following year.
The main part of the higher mortality risk among people granted DP observed in this study was explained by age. However, people on DP still had 70% higher risk of premature death compared to people not granted DP the respective years, after further adjustments for other socio-demographics and morbidity measured as inpatient care. The confounding factors, especially previous in-patient care, seemed to explain more of men's mortality risk than women's. The confounding effect varied, however, between the time periods.
Conclusions
In conclusion, this study clearly demonstrates a higher mortality risk among people granted DP. Even individuals granted DP due to diagnoses with low mortality risk displayed a higher risk for premature deathand that in spite of the fact that some individuals in the reference group could have been granted DP as early as the year following exposure. This warrants close monitoring of individuals on DP and further studies on consequences of DP.
